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(54) CENTRIFUGAL ROTATING MACHINE

(57) The centrifugal compressor (100) includes an
impeller (4) configured to feed a fluid suctioned from one
side to an outside in a radial direction by rotating about
an axis (O), and a flow path (2) provided between the
impellers (4) adjacent to each other in the direction of an
axis (O) and configured to guide the fluid discharged from
an impeller (4) on the upstream side to an impeller (4)
on the downstream side. The flow path (2) includes a
diffuser flow path (23), a return bend portion (24), and a

guide flow path (25). Further, the centrifugal compressor
(100) further includes return vanes (50) extending across
the return bend portion (24) and the guide flow path (25)
in the flow path (2) and provided in intervals in a circum-
ferential direction, and the radial positions of the leading
edges of the return vanes (50) in the flow paths (2) ad-
jacent in the direction of the axis (O) are different from
each other.
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Description

[Technical Field]

[0001] The present invention relates to a centrifugal
rotary machine.
[0002] This application claims priority right to Japa-
nese Patent Application No. 2016-038406 filed in Japan
on February 29, 2016, the content of which is incorpo-
rated herein by reference.

[Background Technology]

[0003] A rotary machine such as a centrifugal com-
pressor used for industrial use mainly includes an impel-
ler that rotates about an axis and a casing that covers an
outer peripheral side of the impeller and forms a fluid flow
path between the casing and the impeller. The flow path
includes a diffuser flow path extending to an outside in a
radial direction of the axis from an impeller, a return bend
portion provided at a downstream side of the diffuser flow
path and guiding a flow of fluid from the outside toward
the inside in the radial direction and a guide flow path
provided at the downstream side of the return bend por-
tion and guiding a fluid to the downstream side of the
impeller. Furthermore, a return vane may be provided on
the guide flow path for the purpose of rectification.
[0004] As a specific example of a centrifugal compres-
sor including such a return vane, a centrifugal compres-
sor disclosed in Patent Document 1 below is known. In
particular, in the centrifugal compressor according to Pat-
ent Document 1, an upstream end (leading edge) of the
return vane protrudes toward the return bend portion
side. According to such a configuration (hereinafter re-
ferred to as a "protruding return vane"), high efficiency
of the centrifugal compressor can be achieved.

[Prior Art Document]

[Patent Document]

[0005] [Patent Document 1] Japanese Unexamined
Patent Publication No. H10-331793.

[Summary of the invention]

[Problems to be Solved by the Invention]

[0006] Such a protruding return vane is effective in the
case where the flow rate of a fluid at the return bend
portion is relatively high and separation of a flow easily
occurs around the return bend portion.
[0007] However, when the flow rate of a fluid at the
return bend portion is low (the mechanical Mach number
is small) and the separation of a flow does not easily
occur, not only can a sufficient effect not be obtained but
the flow of the fluid may also be hindered by an increase
in the friction loss.

[0008] In a centrifugal compressor having a plurality of
pressure stages, a machine Mach number is high at a
front stage and a machine Mach number becomes low
while directed toward a rear stage. Therefore, it is not
appropriate to provide the above-described return vane
for all pressure stages. In this way, there is an increasing
demand for a centrifugal compressor which is capable
of sufficiently high efficiency in a wide flow velocity range.
[0009] The present invention is provided to solve the
above problems, and an object of the present invention
is to provide a centrifugal rotary machine capable of suf-
ficiently high efficiency in a wide flow velocity range.

[Means for Solving the Problem]

[0010] A first aspect of the present invention provides
a centrifugal rotary machine comprising: a plurality of im-
pellers that are arranged in an axial direction and that
are configured to feed a fluid suctioned from one side in
the direction of the axis to the outside in the radial direc-
tion of the axis by rotating about the axis; and a flow path
provided between the impellers adjacent to each other
in the axial direction, and configured to guide the fluid
discharged from an upstream impeller to a downstream
impeller, wherein the flow path includes: a diffuser flow
path configured to guide the fluid discharged from the
upstream impeller to the outside in the radial direction; a
return bend portion configured to guide the fluid guided
by the diffuser flow path toward the inside in the radial
direction; a guide flow path configured to guide the fluid
guided by the return bend portion to the inside in the
radial direction and to introduce the fluid to the impeller
on the other side in the axial direction; and a plurality of
return vanes extending across the return bend portion
and the guide flow path in the flow path and disposed at
intervals in a circumferential direction, wherein radial po-
sitions of leading edges of the return vanes in the flow
paths adjacent to each other in the axial direction are
different from each other.
[0011] According to this configuration, in the return
vane in which the position of the leading edge is posi-
tioned relatively at the outside in the radial direction, it is
possible to suppress the separation of the flow when the
fluid passes through the return bend portion. On the other
hand, in the return vane in which the position of the lead-
ing edge is located relatively at the inside in the radial
direction, it is possible to suppress an increase in friction
loss when the fluid flows through the return vane.
[0012] In other words, in the region where the mechan-
ical Mach number of the fluid is large, a return vane whose
leading edge position is located relatively at the outside
in the radial direction is provided, and in the region where
the mechanical Mach number of the fluid is small, a return
vane whose position of the leading edge is relatively po-
sitioned at the inside in the radial direction is provided,
so that it is possible to reduce the separation of the flow
and suppress of the friction loss in a well-balanced man-
ner in the centrifugal rotary machine having a plurality of
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different flow velocity ranges.
[0013] A second aspect of the present invention pro-
vides the centrifugal rotating machine according to the
first aspect, wherein the radial position of the leading
edge of the subsequent return vane on the other side in
the axial direction may be disposed in the inside in the
radial direction.
[0014] According to this configuration, for example, in
the centrifugal rotary machine in which the mechanical
Mach number is smaller toward the other side in the axial
direction (downstream side), the radial position of the
leading edge of the subsequent return vane in the down-
stream side is disposed in the inside in the radial direc-
tion, so that the separation of the flow on the upstream
side can be reduced and the friction loss can be sup-
pressed on the downstream side.
[0015] A third aspect of the present invention provides
the centrifugal rotary machine according to the first as-
pect, wherein the radial position of the leading edge of
the subsequent return vane in the other side in the axial
direction may be disposed in the outside in the radial
direction.
[0016] According to this configuration, for example, in
a centrifugal rotary machine in which the mechanical
Mach number is larger toward the other side in the axial
direction (downstream side), the radial position of the
leading edge of the subsequent return vane on the down-
stream side is disposed in the outside in the radial direc-
tion, so that the friction loss can be suppressed on the
upstream side, and on the other hand, the separation of
the flow can be reduced on the downstream side.
[0017] A fourth aspect of the present invention pro-
vides the centrifugal rotary machine according to any one
of the first to third aspects, wherein the leading edge may
be parallel to the axis.
[0018] According to this configuration, it is possible to
sufficiently suppress the separation of the flow at the re-
turn bend portion, and to reduce the possibility of friction
loss occurring in the fluid due to the return vane.
[0019] A fifth aspect of the present invention provides
the centrifugal rotary machine according to any one of
the first to third aspects, wherein in the subsequent return
vane in the other side in the axial direction, an inner pe-
ripheral-side end portion located on an inner peripheral
side of the return bend portion among the end portions
of the leading edge on both sides in the axial direction
may be located on the guide flow path side, and the outer
peripheral-side end portion located on the outer periph-
eral side of the inner peripheral-side end portion may be
located on the inside in the radial direction as compared
with the inner peripheral-side end portion with respect to
the axis.
[0020] According to this configuration, the inner periph-
eral-side end portion at the leading edge of the return
vane is located on the guide flow path side, and the outer
peripheral-side end portion is located on the inside in the
radial direction as compared with the inner peripheral-
side end portion. As a result, it is possible to more effec-

tively suppress the separation at the inner peripheral side
of the return bend portion where the separation of the
flow is most likely to occur, and to sufficiently suppress
an increase in the friction loss at the outer peripheral side.
[0021] In addition, since, in the subsequent return vane
in the other side in the axial direction, the inner peripheral-
side end portion is located on the guide flow path side,
for example, in a centrifugal rotary machine in which the
machine Mach number increases on the upstream side,
the separation of the flow can be suppressed on the up-
stream side, while the friction loss can be suppressed on
the downstream side.
[0022] A sixth aspect of the present invention provides
the centrifugal rotary machine according to any one of
the first to third aspects, wherein in the subsequent return
vane in the other side in the axial direction, the inner
peripheral-side end portion located on the inner periph-
eral side of the return bend portion among the end por-
tions of the leading edge on both sides in the axial direc-
tion may be located on the return bend portion side, and
the outer peripheral-side end portion located on the outer
peripheral side of the inner peripheral-side end portion
may be located on the outside in the radial direction as
compared with the inner peripheral-side end portion with
respect to the axis.
[0023] According to this configuration, in the subse-
quent return vane in the other side in the axial direction,
the inner peripheral-side end portion at the leading edge
of the return vane is located on the guide flow path side,
and the outer peripheral-side end portion is located on
the inside in the radial direction as compared with the
inner peripheral-side end portion. As a result, it is possible
to more effectively suppress the separation at the inner
peripheral side of the return bend portion where the sep-
aration of the flow is most likely to occur, and to sufficiently
suppress an increase in the friction loss at the outer pe-
ripheral side.
[0024] In addition, since, in the subsequent return vane
in the other side in the axial direction, the inner peripheral-
side end portion is located on the return bend portion
side, for example, in a centrifugal rotary machine in which
the machine Mach number increases on the downstream
side, the friction loss can be suppressed on the upstream
side and the separation of the flow can be suppressed
on the downstream side.
[0025] A seventh aspect of the present invention pro-
vides the centrifugal rotary machine according to the fifth
or sixth aspect, wherein the leading edge may extend so
as to incline from the outside to the inside in the radial
direction with respect to the axis while directed toward
the outer peripheral-side end portion from the inner pe-
ripheral-side end portion.
[0026] According to this configuration, since the lead-
ing edge of the return vane extends so as to incline from
the outside to the inside in the radial direction with respect
to the axis while directed toward the outer peripheral-side
end portion from the inner peripheral-side end portion, it
is possible to obtain a rectifying effect of the flow of the
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fluid on the inner peripheral side of the return bend por-
tion.

[Effect of Invention]

[0027] The object of the present invention is to provide
a centrifugal rotary machine capable of sufficiently high
efficiency in a wide flow velocity range.

[Brief Description of Drawings]

[0028]

FIG. 1 is a schematic diagram showing a configura-
tion of a centrifugal compressor according to each
embodiment of the present invention.
FIG. 2 is an enlarged cross-sectional view of an es-
sential portion of a centrifugal compressor according
to a first embodiment of the present invention.
FIG. 3 is an enlarged cross-sectional view of an es-
sential portion of a centrifugal compressor according
to a second embodiment of the present invention.
FIG. 4 is an enlarged cross-sectional view of an es-
sential portion of a centrifugal compressor according
to a third embodiment of the present invention.
FIG. 5 is an enlarged cross-sectional view of an es-
sential portion of a centrifugal compressor according
to a fourth embodiment of the present invention.

[MODE FOR CARRYING OUT THE INVENTION]

[First Embodiment]

[0029] Hereinafter, a centrifugal compressor 100 (a
centrifugal rotary machine) according to a first embodi-
ment of the present invention will be described with ref-
erence to FIG. 1 and FIG. 2. As shown in FIG. 1, the
centrifugal compressor 100 includes a rotor 1 that rotates
about an axis O thereof, a casing 3 that covers the rotor
1 and forms a flow path 2, and a plurality of impellers 4
that are provided on the rotor 1.
[0030] The casing 3 has a cylindrical shape extending
substantially along the axis O. The rotor 1 extends so as
to penetrate an inside of the casing 3 along the axis O.
A journal bearing 5 and a thrust bearing 6 are provided
at both end portions of the casing 3 in a direction of the
axis O (axial direction). The rotor 1 is supported by the
journal bearing 5 and the thrust bearing 6 so as to be
rotatable about the axis O.
[0031] On one side of the casing 3 in the direction of
the axis O, an intake port 7 for taking in air as a working
fluid G from the outside is provided. Further, an exhaust
port 8 that exhausts the working fluid G compressed in
the inside of the casing 3 is provided on the other side
of the casing 3 in the direction of the axis O.
[0032] Inside the casing 3, an internal space which
communicates with the intake port 7 and the exhaust port
8 and has a shape in which the diameter repeatedly in-

creases and decreases along its path is formed. This
internal space accommodates a plurality of impellers 4
and forms part of the above-described flow path 2. In the
following description, the side on which the intake port 7
is located on the flow path 2 will be referred to as an
upstream side, and the side on which the exhaust port 8
is located will be referred to as a downstream side.
[0033] A plurality of (six) impellers 4 are provided on
the rotor 1 at intervals in the direction of the axis O on an
outer peripheral surface thereof. As shown in FIG. 2, each
of the impellers 4 includes a disk 41 having a substantially
circular cross section when viewed from the direction of
the axis O, a plurality of vanes 42 provided on an up-
stream side of the disk 41, and a shroud 43 covering the
plurality of vanes 42 from an upstream side thereof.
[0034] When viewed from the direction intersecting
with the axis O, the disk 41 has a substantially conical
shape by being formed so that a size in the radial direction
gradually expands from one side toward the other side
in the direction of the axis O.
[0035] A plurality of vanes 42 are arranged in a radial
manner on a conical surface facing the upstream side of
both surfaces of the disk 41 in the direction of an axis O
and radially outward with the axis O as the center. More
specifically, each of the vanes 42 is formed of a thin plate
erected from an upstream surface of the disk 41 toward
an upstream side. Further, although not shown in detail,
these plurality of vanes 42 are curved so as to be directed
from one side to the other side in the circumferential di-
rection when viewed from the direction of the axis O.
[0036] A shroud 43 is provided at an upstream end
edge of the vane 42. In other words, the plurality of vanes
42 are substantially held by the shroud 43 and the disk
41 in the direction of the axis O. As a result, a space is
formed between the shroud 43, the disk 41, and the pair
of the vanes 42 adjacent to each other. This space forms
part of the flow path 2 (a compression flow path 22) to
be described later.
[0037] The flow path 2 is a space that communicates
the impeller 4 configured as described above with the
internal space of the casing 3. In this embodiment, it is
assumed that one flow path 2 is formed for each impeller
4 (each compression stage). In other words, in the cen-
trifugal compressor 100, five flow paths 2 which are con-
tinuous from the upstream side toward the downstream
side are formed to correspond to the five impellers 4 ex-
cept for the impeller 4 at the last stage.
[0038] Each of the flow paths 2 has an intake flow path
21, a compression flow path 22, a diffuser flow path 23,
a return bend portion 24, and a guide flow path 25. In
addition, FIG. 2 mainly shows the impellers 4 from the
first stage to the third stage out of the flow path 2 and the
impellers 4.
[0039] In the first stage impeller 4, the intake flow path
21 is substantially directly connected to the intake port
7. By this intake flow path 21, external air is taken into
each flow path on the flow path 2 as the working fluid G.
More specifically, the intake flow path 21 gradually curves
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toward the outside in the radial direction from the axis O
while directed toward the downstream side from the up-
stream side.
[0040] The intake flow path 21 in the impellers 4 of the
second and subsequent stages communicates with a
downstream end of the guide flow path 25 (to be de-
scribed later) in the flow path 2 in the previous stage (first
stage). In other words, the flow direction of the working
fluid G that has passed through the guide flow path 25
is changed so as to be directed toward the downstream
side along the axis O in the same manner as described
above.
[0041] The compression flow path 22 is a flow path
surrounded by a surface on an upstream side of the disk
41, a surface on a downstream side of the shroud 43,
and a pair of vanes 42 adjacent to each other in the cir-
cumferential direction. More specifically, the cross-sec-
tional area of the compression flow path 22 gradually
decreases from the inside to the outside in the radial di-
rection. Thus, the working fluid G flowing through the
compression flow path 22 in a state in which the impeller
4 is rotating is gradually compressed into a high pressure
fluid.
[0042] The diffuser flow path 23 is a flow path extending
from the inside to the outside in the radial direction of the
axis O by being surrounded by the diffuser front wall 23A
that is part of the inner peripheral wall of the casing 3 and
the diffuser rear wall 23B of a partition wall member 31.
An end portion of the diffuser flow path 23 on the inside
in the radial direction communicates with an end portion
of the compression flow path 22 on the outside in the
radial direction.
[0043] In addition, the partition wall member 31 is a
member that partitions between the plurality of the im-
pellers 4 adjacent to each other in the direction of the
axis O by being integrally provided on an inner peripheral
side of the casing 3. Further, when viewed from the par-
tition wall member 31, an extension portion 32 that is also
integrally provided with the casing 3 is provided on the
upstream side with the diffuser flow path 23 and the im-
peller 4 being interposed. The extending portion 32 is a
wall portion extending toward the inside in the radial di-
rection from an inner peripheral surface (not shown) of
the casing 3.
[0044] The return bend portion 24 is a curved flow path
surrounded by an inversion wall 33 of the casing 3 and
an outer peripheral wall 31A of the partition wall member
31. One end side (upstream side) of the return bend por-
tion 24 is communicated with the diffuser flow path 23,
and the other end side (downstream side) is communi-
cated with the guide flow path 25. In addition, a boundary
position between the return bend portion 24 and the dif-
fuser flow path 23 is set at a position P1 at which the
return bend portion 24 starts to be curved when viewed
from an upstream side of the flow path 2.
[0045] The return bend portion 24 reverses the flow
direction of the working fluid G flowing from the inside
toward the outside in the radial direction via the diffuser

flow path 23. In a middle portion of the return bend portion
24, a portion located at the outermost side in the radial
direction is defined as a top portion T. In the vicinity of
the top portion T, the inner wall surface of the return bend
portion 24 forms a three dimensional curved surface so
as not to prevent the flow of the working fluid G.
[0046] The guide flow path 25 is a flow path surrounded
by the downstream-side wall 31B of the partition wall
member 31 in the casing 3 and the upstream-side wall
32A of the extension portion 32. The end portion of the
guide flow path 25 on the outside in the radial direction
communicates with the return bend portion 24. A bound-
ary position between the return bend portion 24 and the
guide flow path 25 is set at a position P2 at which the
bend of the return bend portion 24 is terminated.
[0047] Further, the end portion of the guide flow path
25 on the inside in the radial direction communicates with
the intake flow path 21 in the flow path 2 at a later stage
as described above.
[0048] Further, a plurality of return vanes 50 are pro-
vided in the guide flow path 25. The plurality of return
vanes 50 are arranged in a radial manner centered on
the axis O in the guide flow path 25. In other words, these
return vanes 50 are arranged in the circumferential di-
rection at intervals around the axis O. Specifically, each
return vane 50 is formed of a plate member extending
from the downstream-side lateral wall 31B of the partition
wall member 31 toward the upstream-side lateral wall
32A of the extension portion 32.
[0049] In addition, as shown in FIG. 2, in the centrifugal
compressor 100 according to the present embodiment,
the shapes and the sizes of the return vanes 50 are dif-
ferent between the upstream side and the downstream
side of the flow path 2. In the following description, the
return vane 50 located on the most upstream side will be
referred to as the first return vane 51, and the two return
vanes 50 provided adjacent to the downstream side of
the first return vane will be referred to as the second
return vane 52 and the third return vane 53 in that order.
[0050] Further, in this embodiment, an example in
which the return vanes 50 are each provided in only the
three flow paths 2 counted from the most upstream side,
and the return vanes 50 are not provided in the two flow
paths 2 in the downstream side is described. However,
it is also possible to provide return vanes 50 in all of the
flow paths 2.
[0051] The leading edge of each return vane 50 (the
first return vane 51, the second return vane 52, and the
third return vane 53) is parallel to the axis O. In addition,
the term "parallel" does not necessarily mean strictly par-
allel, and slight manufacturing errors, tolerances, and the
like are permissible insofar as they are intended to be
substantially parallel.
[0052] In the centrifugal compressor 100, the radial po-
sitions of the leading edges (the edges facing the up-
stream side on the flow path 2) differ from each other
while directed from the first return vane 51 toward the
third return vane 53. More specifically, the leading edge
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51F of the first return vane 51 is provided at a position
corresponding to an outermost peripheral portion 31T of
the outer peripheral wall 31A in the radial direction of the
axis O. Here, the outermost peripheral portion 31T refers
to a peripheral edge of the outer peripheral wall 31A of
the partition wall member 31 that is located on the out-
ermost side in the radial direction with respect to the axis
O.
[0053] The leading edge 51F of the first return vane 51
forms a straight line connecting the outermost peripheral
portion 31T and a point on the upstream-side lateral wall
32A located on the other side of the outermost peripheral
portion 31T in the direction of the axis O.
[0054] The size of the first return vane 51 in the direc-
tion of the axis O is temporarily reduced toward a position
corresponding to the position P2 on the inside in the radial
direction from the leading edge 51F. On the other hand,
further inside in the radial direction as compared with the
position P2, the size of the first return vane 51 in the
direction of the axis O gradually increases from the out-
side in the radial direction toward the inside in the radial
direction. In the following description, in each of the return
vanes 50, a portion on the outside in the radial direction
of a straight line connecting the position P1 and the po-
sition P2 may be referred to as a protruding portion 50P.
In other words, when viewed from the side of the guide
flow path 25, the protruding portion 50P forms part of the
return vane 50 that protrudes toward the return bend por-
tion 24.
[0055] The leading edge 52F of the second return vane
52 is provided in a region between an outermost periph-
eral portion 31T and the above-described position P2 in
a radial direction of the axis O. In this embodiment, as
an example, the leading edge 52F is located on a line
equally dividing the region between the outermost pe-
ripheral portion 31T and the position P2. Similarly to the
first return vane 51, in the second return vane 52, the
size in the direction of the axis O is temporarily reduced
while directed from the leading edge 52F toward the po-
sition P2 on the inside in the radial direction. On the other
hand, further inside in the radial direction as compared
with the position P2, the size of the second return vane
52 in the direction of the axis O gradually increases from
the outside in the radial direction toward the inside in the
radial direction. Further, the size of the protruding portion
50P of the second return vane 52 (i.e., the size in the
radial direction of the axis) is smaller than the size of the
protruding portion 50P of the first return vane 51.
[0056] The leading edge 53F of the third return vane
53 is provided at a position corresponding to the position
P2 in the radial direction of the axis O. That is, the third
return vane 53 does not have the protruding portion 50P.
Further, the third return vane 53 is formed so that the
size in the direction of the axis O gradually increases
from the leading edge 53F toward the inside in the radial
direction so as to correspond to the cross-sectional
shape of the guide flow path 25.
[0057] Next, an operation of the centrifugal compres-

sor 100 according to the present embodiment will be de-
scribed.
[0058] In the centrifugal compressor 100 which is in a
normal operating state, the working fluid G behaves as
follows.
[0059] First, the working fluid G taken into the flow path
2 from the intake port flows into the compression flow
path 22 in the impeller 4 via the intake flow path 21 of
the first stage. Since the impeller 4 rotates about the axis
O with the rotation of the rotor 1, a centrifugal force is
applied to the working fluid G in the compression flow
path 22 from the axis O toward the outside in the radial
direction. In addition, as described above, since the
cross-sectional area of the compression flow path 22
gradually decreases from the outside to the inside in the
radial direction, the working fluid G is gradually com-
pressed. Thus, the high-pressure working fluid G is sent
out from the compression flow path 22 into the subse-
quent diffuser flow path 23.
[0060] The high-pressure working fluid G flowing out
of the compression flow path 22 then passes through the
diffuser flow path 23, the return bend section 24, and the
guide flow path 25 in that order. Thereafter, similar com-
pression is also applied in the impeller 4 and the flow
path 2 of the second and subsequent stages. Finally, the
working fluid G is supplied from the exhaust port 8 to an
external device (not shown) in a desired pressure state.
[0061] Here, in the centrifugal compressor 100 having
a plurality of compression stages as described above,
the flow velocity of the fluid in the flow path 2 is higher in
the compression stage on the upstream side (with a larg-
er mechanical Mach number), and the flow velocity of
the fluid in the flow path 2 is lower in the compression
stage on the downstream side (with a smaller mechanical
Mach number).
[0062] Therefore, there is a possibility of the separation
of the flow occurring due to a relatively high flow velocity
on an inner peripheral side of the return bend portion 24
in the flow path 2 on the most upstream side. However,
in the centrifugal compressor 100 according to the
present embodiment, the leading edge 51F of the first
return vane 51 provided in the compression stage (flow
path 2) on the most upstream side has the protruding
portion 50P. When viewed from the side of the guide flow
path 25, the protruding portion 50P protrudes toward the
return bend 24. As a result, it is possible to reduce the
possibility of the separation of the flow at the inner pe-
ripheral side of the return bend portion 24.
[0063] On the other hand, in the second return vane
52 located at the downstream side of the first return vane
51, the protruding amount of the protruding portion 50P
is reduced as compared with that of the first return vane
51. In other words, in the second return vane 52, a leading
edge 52F thereof is provided in a region between an out-
ermost peripheral portion 31T and the above-described
position P2 in the radial direction of the axis O.
[0064] Further, the protruding portion 50P is not formed
in the third return vane 53 that is provided adjacent to
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the downstream side of the second return vane. In other
words, the leading edge 53F of the third return vane 53
is provided at a position corresponding to the position P2
in the radial direction of the axis O.
[0065] In this way, on the downstream side with a rel-
atively low flow velocity, the second return vane 52 and
the third return vane 53 do not have the protruding portion
50P, and thereby it is possible to reduce the possibility
of the occurrence of friction loss in the flow.
[0066] As described above, in the centrifugal compres-
sor 100 according to the present embodiment, in the re-
turn vane 50 (the first return vane 51) in which the position
of the leading edge 51F is positioned relatively on the
outside in the radial direction, it is possible to suppress
the separation of the flow flowing through the return bend
portion 24. On the other hand, in the return vanes 50 (the
second return vane 52 and the third return vane 53) in
which the positions of the leading edges 52F and 53F
are positioned relatively on the inside in the radial direc-
tion, it is possible to suppress an increase in friction loss
when the fluid flows.
[0067] In other words, in an upstream region in which
the mechanical Mach number of the fluid is large, a return
vane 50 in which the position of the leading edge is lo-
cated relatively on the outside in the radial direction is
provided, and in a region in which the mechanical Mach
number of the fluid is small, a return vane 50 in which
the position of the leading edge is positioned relatively
on the inside in the radial direction is provided, whereby
it is possible to reduce the separation of the flow and to
suppress the frictional loss in a well-balanced manner in
a plurality of different flow velocity ranges. Therefore, it
is possible to provide a centrifugal compressor 100 ca-
pable of sufficiently high efficiency in a wide flow velocity
range.

[Second Embodiment]

[0068] Next, a second embodiment of the present in-
vention will be described with reference to FIG. 3. In ad-
dition, the same components as in the first embodiment
will be denoted by the same reference numerals, and a
detailed description thereof will be omitted.
[0069] As shown in FIG. 3, in the centrifugal compres-
sor 200 according to the present embodiment, the lead-
ing edges 251F, 252F, and 253F of the return vanes 250
(the first return vane 251, the second return vane 252,
and the third return vane 253) in the radial direction of
the axis O are sequentially positioned on the outside in
the radial direction in the subsequent return vane 250 in
the downstream side. Similarly to the first embodiment,
in any of the return vanes 250, the leading edges 251F,
252F, and 253F extend in a direction parallel to the di-
rection of the axis O.
[0070] In the first return vane 251, a radial position of
the leading edge 251F is defined as the position P2 in
the first embodiment described above. In the second re-
turn vane 252, a radial position of the leading edge 252F

is defined between the position P2 and an outermost pe-
ripheral portion 31T. Further, in the third return vane 253,
a radial position of the leading edge 253F is a position
corresponding to the outermost circumferential portion
31T.
[0071] Further, in the centrifugal compressor 200 ac-
cording to the present embodiment, unlike the centrifugal
compressor 100 according to the first embodiment, the
flow velocity of the fluid flowing through the flow path 2
gradually increases from the upstream side toward the
downstream side (i.e., the mechanical Mach number
gradually increases).
[0072] According to the above configuration, in the
centrifugal compressor 200 in which the mechanical
Mach number becomes larger toward the other side
(downstream side) in the direction of the axis O, since
the radial position of the leading edge of the subsequent
return vanes 250 in the downstream side is located on
the outside in the radial direction, the friction loss can be
suppressed at the return vane 250 at the upstream side,
while the separation of the flow can be reduced at the
return vane 250 at the downstream side.
[0073] In other words, in an upstream region in which
the mechanical Mach number of the fluid is small, a return
vane 250 in which the position of the leading edge is
positioned relatively on the inside in the radial direction
is provided, and in a region in which the mechanical Mach
number of the fluid is large, a return vane 250 in which
the position of the leading edge is positioned relatively
on the outside in the radial direction is provided, whereby
it is possible to reduce the separation of the flow and
suppress of the frictional loss in a well-balanced manner
in a plurality of different flow velocity ranges.

[Third Embodiment]

[0074] Next, a third embodiment of the present inven-
tion will be described with reference to FIG. 4. In addition,
the same components as those in the first embodiment
and second embodiment described above are denoted
by the same reference numerals, and a detailed descrip-
tion thereof will be omitted.
[0075] As shown in FIG. 4, in the centrifugal compres-
sor 300 according to the present embodiment, the lead-
ing edges 351F, 352F, and 353F of the return vanes 350
(the first return vane 351, the second return vane 352,
and the third return vane 353) are all inclined with respect
to the axis O. Further, the inclination of the leading edges
351F, 352F, and 353F gradually decreases from the first
return vane 351 toward the third return vane 353.
[0076] More specifically, in the first return vane 351,
an end portion of the leading edge 351F on one side (the
upstream side) in the direction of the axis O is located
on the outside in the radial direction as compared with
the position P2. On the other hand, an end portion of the
leading edge 351F on the other side (the downstream
side) in the direction of the axis O is positioned on the
upstream-side lateral wall 32A and at the same radial
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position as the position P2.
[0077] In the second return vane 352, an end portion
of the leading edge 352F on one side in the direction of
the axis O is located on the outside in the radial direction
as compared with the position P2. Further, the end por-
tion of the leading edge 352F on the other side in the
direction of the axis O is located on the upstream-side
lateral wall 32A at the same radial position as the position
P2 and is located on the further inner side in the radial
direction as compared with the end portion thereof on
the one side in the direction of the axis O. Further, the
inclination of the leading edge 352F with respect to the
axis O is smaller than the inclination of the leading edge
351F of the first return vane 351 with respect to the axis
O. In other words, in the leading edge 352F of the second
return vane 352, a direction component along the axis O
is larger than a leading edge 351F of the first return vane
351.
[0078] Further, in the third return vane 353, an end
portion of the leading edge 353F on one side in the di-
rection of the axis O is located at a radial position that is
the same as the position P2. Further, an end portion of
the leading edge 353F on the other side in the direction
of the axis O is located on the upstream-side lateral wall
32A and at the same radial position as the position P2.
Further, the inclination of the leading edge 353F with re-
spect to the axis O is smaller than the inclination of the
leading edge 351F of the first return vane 351 and the
inclination of the leading edge 352F of the second return
vane 352 with respect to the axis O. In other words, in
the leading edge 353F of the third return vane 353, a
direction component along the axis O is larger than that
of the leading edge 351F and the leading edge 352F.
[0079] In addition, in the centrifugal compressor 300
according to the present embodiment, similar to the cen-
trifugal compressor 100 in the first embodiment de-
scribed above, the flow velocity of the fluid flowing
through the flow path 2 increases (i.e., the mechanical
Mach number is higher) in the compression stage on the
upstream side, and the flow velocity decreases (i.e., the
mechanical Mach number is lower) in the compression
stage on the downstream side.
[0080] According to the above configuration, the inner
peripheral-side end portion of the leading edge of the first
return vane 351 is located on the side of the return bend
portion 24, and the outer peripheral-side end portion is
located on the inside in the radial direction as compared
with the inner peripheral-side end portion. Thus, it is pos-
sible to more effectively suppress the separation of the
flow on the inner peripheral side of the return bend portion
24 where the flow separation is most likely to occur and
to sufficiently suppress the increase in the friction loss
on the outer peripheral side.
[0081] In addition, since, in the subsequent return vane
350 in the downstream side, the inner peripheral-side
end portion is located on the guide flow path 25 side, the
separation of the flow can be suppressed on the up-
stream side and the friction loss on the downstream side

can be suppressed in the centrifugal compressor 300 in
which the mechanical Mach number is increased on the
upstream side.
[0082] Further, according to the above configuration,
since the leading edge of the return vane 350 extends
so as to incline from the outside to the inside in the radial
direction with respect to the axis O while directed toward
the outer peripheral-side end portion from the inner pe-
ripheral-side end portion, it is possible to obtain a recti-
fying effect on the flow of the fluid on the inner peripheral
side of the return bend portion 24.

[Fourth Embodiment]

[0083] Next, a fourth embodiment of the present inven-
tion will be described with reference to FIG. 5. In addition,
the same components as those in the first embodiment,
the second embodiment, and the third embodiment will
be denoted by the same reference numerals, and de-
tailed description thereof will be omitted.
[0084] As shown in FIG. 5, in the centrifugal compres-
sor 400 according to the present embodiment, the lead-
ing edges 451F, 452F, and 453F of the return vanes 450
(the first return vane 451, the second return vane 452,
and the third return vane 453) in the radial direction of
the axis O are all inclined with respect to the axis O.
Further, the inclination of the leading edges 451F, 452F,
and 453F gradually increases from the first return vane
451 toward the third return vane 453.
[0085] More specifically, in the first return vane 451,
an end portion of the leading edge 451F on one side in
the direction of the axis O is located at the same radial
position as the position P2. Further, an end portion of the
leading edge 451F on the other side in the direction of
the axis O is located on the upstream-side lateral wall
32A and at the same radial position as the position P2.
[0086] In the second return vane 452, an end portion
of the leading edge 452F on one side in the direction of
the axis O is located on the outside in the radial direction
compared with the position P2. Further, an end portion
of the leading edge 452F on the other side in the direction
of the axis O is located on the upstream-side lateral wall
32A and at the same radial position as the position P2.
Further, the inclination of the leading edge 452F with re-
spect to the axis O is larger than the inclination of the
leading edge 451F of the first return vane 451 with re-
spect to the axis O. In other words, in the leading edge
452F of the second return vane 452, the direction com-
ponent along the axis O is smaller than that of the leading
edge 451F of the first return vane 451.
[0087] Further, in the third return vane 453, an end
portion of the leading edge 453F on one side in the di-
rection of the axis O is located on the outside in the radial
direction as compared with the position P2. On the other
hand, the end portion of the leading edge 453F on the
other side in the direction of the axis O is located on the
upstream-side lateral wall 32A and at the same radial
position as the position P2. Further, the inclination of the
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leading edge 453F with respect to the axis O is larger
than the inclination of the leading edge 451F of the first
return vane 451 and the inclination of the leading edge
452F of the second return vane 452 with respect to the
axis O. In other words, in the leading edge 453F of the
third return vane 453, a direction component along the
axis O is smaller than those of the leading edge 451F
and the leading edge 452F.
[0088] In addition, in the centrifugal compressor 400
according to the present embodiment, the flow velocity
of the fluid flowing through the flow path 2 gradually in-
creases from the upstream side toward the downstream
side (the mechanical Mach number increases).
[0089] According to the above configuration, in the
subsequent return vane 450 in the other side in the di-
rection of the axis O, the inner peripheral-side end portion
of the leading edge of the return vane 450 is located on
the return bend portion 24 side, and the outer peripheral-
side end portion is located on the inside in the radial di-
rection as compared with the inner peripheral-side end
portion. As a result, it is possible to more effectively sup-
press the separation on the inner peripheral side of the
return bend portion 24 where the separation of the flow
is most likely to occur, and to sufficiently suppress an
increase in the friction loss on the outer peripheral side.
[0090] In addition, since, in the subsequent return vane
450 in the other side in the direction of the axis O, the
inner peripheral-side end portion is located on the side
of the return bend portion 24, for example, in a centrifugal
rotary machine in which the machine Mach number de-
creases on the downstream side, the friction loss can be
suppressed on the upstream side and the separation of
the flow can be suppressed on the downstream side.
[0091] Further, according to the above configuration,
since the leading edge of the return vane 450 extends
so as to incline from the outside to the inside in the radial
direction with respect to the axis O while directed from
the inner peripheral-side end portion toward the outer
peripheral-side end portion, it is possible to obtain a rec-
tifying effect on the flow of the fluid on the inner peripheral
side of the return bend portion 24.
[0092] Various embodiments of the present invention
have been described above with reference to the accom-
panying drawings. However, each of the above embod-
iments is merely an example, and various modifications
can be made to these configurations.
[0093] For example, the number of compression stag-
es of the centrifugal compressors 100, 200, 300, and 400
(i.e., the numbers of the impellers 4 and the flow paths
2) is not limited those described above in the embodi-
ments, and may be appropriately set according to the
design and the specification.
[0094] In addition, in the third embodiment and the
fourth embodiment, an example in which the leading edg-
es of the return vanes 350 and 450 are inclined linearly
has been described. However, the shape of the leading
edge of the return vanes 350 and 450 is not limited to
those described above in the embodiments. As another

example, each of the leading edges of the return vanes
350 and 450 may be formed in a curved shape that curves
toward the inside in the radial direction. Also with such a
configuration, it is possible to obtain the same operation
and effect as those of the third and fourth embodiments.

[Industrial Applicability]

[0095] The present invention provides a centrifugal ro-
tary machine capable of sufficiently high efficiency in a
wide flow velocity range.

[Explanation of Reference Sign]

[0096]

1: Rotor
2: Flow path
3: Casing
4: Impeller
5: Journal bearing
6: Thrust bearing
7: Intake port
8: Exhaust port
21: Intake flow path
22: Compressing flow path
23: Diffuser flow path
23A: Diffuser front wall
23B: Diffuser rear wall
24: Return bend portion
25: Guide flow path
31: Partition wall member
31A: Outer peripheral wall
31B: Downstream-side lateral wall
31T: Outermost peripheral portion
32: Extension portion
32A: Upstream-side lateral wall
33: Inversion wall
41: Disk
42: Vane
43: Shroud
50, 250, 350, 450: Return vane
51, 251, 351, 451: First return vane
52, 252, 352, 452: Second return vane
53, 253, 353, 453: Third return vane
51F, 52F, 53F, 251F, 252F, 253F, 351F, 352F, 353F:
Leading edge
50P: Protruding portion
100, 200, 300, 400: Centrifugal compressor
G: Working fluid
O: Axis
P1: Position

Claims

1. A centrifugal rotary machine comprising:
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a plurality of impellers that are arranged in an
axial direction and that are configured to feed a
fluid suctioned from one side in the axial direc-
tion to the outside in the radial direction of the
axis by rotating about the axis; and
a flow path provided between the impellers ad-
jacent to each other in the axial direction, and
configured to guide the fluid discharged from an
upstream impeller to a downstream impeller,
wherein the flow path includes:

a diffuser flow path configured to guide the
fluid discharged from the upstream impeller
to the outside in the radial direction;
a return bend portion configured to guide
the fluid guided by the diffuser flow path to-
ward the inside in the radial direction;
a guide flow path configured to guide the
fluid guided by the return bend portion to
the inside in the radial direction and to in-
troduce the fluid to the impeller on the other
side in the axial direction; and
a plurality of return vanes extending across
the return bend portion and the guide flow
path in the flow path and disposed at inter-
vals in a circumferential direction, and

wherein radial positions of leading edges of the
return vanes in the flow paths adjacent to each
other in the axial direction are different from each
other.

2. The centrifugal rotary machine according to Claim 1,
wherein the radial position of the leading edge of the
subsequent return vane in the other side in the axial
direction is disposed in the inside in the radial direc-
tion.

3. The centrifugal rotary machine according to Claim 1,
wherein the radial position of the leading edge of the
subsequent return vane in the other side in the axial
direction is disposed in the outside in the radial di-
rection.

4. The centrifugal rotary machine according to any one
of Claims 1 to 3,
wherein the leading edge is parallel to the axis.

5. The centrifugal rotary machine according to Claim 1,
wherein, in the subsequent return vane in the other
side in the axial direction, an inner peripheral-side
end portion located on an inner peripheral side of
the return bend portion among the end portions of
the leading edge on both sides in the axial direction
is located on the guide flow path side, and
the outer peripheral-side end portion located on the
outer peripheral side of the inner peripheral-side end
portion is located on the inside in the radial direction

as compared with the inner peripheral-side end por-
tion with respect to the axis.

6. The centrifugal rotary machine according to Claim 1,
wherein, in the subsequent return vane in the other
side in the axial direction, the inner peripheral-side
end portion located on the inner peripheral side of
the return bend portion among the end portions of
the leading edge on both sides in the axial direction
is located on the return bend portion side, and
the outer peripheral-side end portion located on the
outer peripheral side of the inner peripheral-side end
portion is located on the outside in the radial direction
as compared with the inner peripheral-side end por-
tion with respect to the axis.

7. The centrifugal rotary machine according to Claim 5
or 6,
wherein the leading edge extends so as to incline
from the outside to the inside in the radial direction
with respect to the axis while directed toward the
outer peripheral-side end portion from the inner pe-
ripheral-side end portion.
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